
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Oxidative stress in the marine environment-prognostic tools for toxic injury in
fish liver cells

Winzer, K.

Publication date
2001

Link to publication

Citation for published version (APA):
Winzer, K. (2001). Oxidative stress in the marine environment-prognostic tools for toxic injury
in fish liver cells. [, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/oxidative-stress-in-the-marine-environmentprognostic-tools-for-toxic-injury-in-fish-liver-cells(36df1ae1-e8de-4988-a958-30c16823d2e3).html


General discussion: 

summary and conclusions 



CHAPTER VII 

General discussion: 

summary and conclusions 

In this thesis, initial stages and regulation of oxidative stress were determined for a 

better understanding and risk assessment of xenobiotic toxicity. Primary cultures of 

living hepatocytes of European flounder (Platichthys flesus L.) were used as a 

standardised model and provided an excellent tool for the study of cellular responses to 

oxidative stress under defined conditions. Elimination of food- and hormone-mediated 

alterations of metabolism, seasonal and age-related changes or factors such as salinity 

and environmental temperature which all may influence the sequelae of xenobiotic-

specific injury allows the determination of direct dose-response relations at the 

molecular level. Hepatocytes are sensitive to oxidant exposure in a sex-specific manner. 

Our studies also indicated a strong potential of the cells to regenerate from limited 

oxidative challenge in short-term exposure. Thus, they provide a valuable tool for large 

scale screening of effects of single specific compounds on biotransformation, cellular 

defence and cell death. 

Easy and reliable bioassays were developed for the quantitative analysis of responses to 

xenobiotics that exert oxidative stress at the level of biotransformation (Chapter VI), 

ROS formation (Chapter II and III), antioxidant defence (Chapter III and VI), oxidative 

damage (Chapter III and VI) and the regulation of the responses (Chapter IV and V). 

The simple and fast but reliable approaches described in this study provide tools to 

assess the function of various parameters in xenobiotic metabolism and toxicity under 

defined conditions in living cells reflecting in vivo conditions. The series of parameters 

that were measured can be used to indicate the role of confounding factors that can 

either attenuate or exacerbate oxidative damage. Our methods can provide information 

on temporal and causal relationships between processes of stress induction, defence and 

damage and a more comprehensive understanding of the initial stages, regulation and 

long-term effects of oxidative stress. Therefore, they may serve to predict development 

of toxipathic lesions and cancer caused by pollution in marine environments. 
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CHAPTER VII 

The results of this thesis support a hypothetic model in which sex-dependent 

biotransformation, its regulation and specific enzymatic and non-enzymatic defence 

systems and detoxification play a major role in xenobiotic toxiciy independently on the 

prooxidant activity of specific xenobiotics (Fig. 1). The phenomenon of oxidative stress 

was demonstrated to be only one aspect of xenobiotic-induced injury and possible 

induction of carcinogenesis. It became evident that responses to exposure were 

xenobiotic- and gender-specific. Hepatocytes of males revealed a higher capacity for 

one-electron biotransformation (CYP450 activity) than hepatocytes of females, and thus, 

their capacity for quinone production and consequently ROS generation through redox-

cycling is increased. Also, two-electron reduction by DTD seemed to be more effective 

in cells of males, as well as the induction of early protective mechanisms such as the 

activity of the detoxifying ALDH against injury by toxic aldehydes. Additionally, the 

capacity of antioxidant activity was reduced to a lower degree in exposed hepatocytes 
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Fig. 1. Oxidative stress in fish hepatocytes. Simplified presentation of the mechanisms and enzymes 

involved in xenobiotic biotransformation. ALDH: aldehyde dehydrogenases, CAT: catalase, CYP450: 

cytochrome P450. G6P: glucose-6-phosphate, G6PDH: glucose-6-phosphate dehydrogenase. GPER: 

glutathione peroxidase. GRED: glutathione reductase. GSH: reduced glutathione, GSSG: oxidised 

glutathione, SOD: superoxide dismutase, SR: semiquinone radicals. 
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CHAPTER VII 

of males than in female hepatocytes as was demonstrated by the xenobiotic-induced 

decrease of reduced glutathione levels. All these sex differences in stress responses 

taken together may sum up to the advantage of a more efficient elimination of toxicants 

in male flounder livers. 

However, sex-dependent modulation of biotransformation and detoxification activity 

may be only one aspect of xenobiotic toxicity. Most of the biotransformation and 

antioxidative pathways use directly or indirectly NADPH as substrate. For example, 

NADPH is needed in CYP450-mediated biotransformation and to regenerate reduced 

glutathione through the activity of NADPH-dependent glutathione reductase. Therefore, 

the regulation of NADPH supply may have a key role in oxidative stress responses and 

damage. Our results show a clear sex-dependent challenge of stressors on G6PDH 

activity, the major NADPH-generating enzyme, which was independent on prooxidant 

activity of the specific compound. Lower supply of reducing equivalents for electron 

transfer reactions by reduced G6PDH activity in females may cause lower efficiency of 

NADPH-dependent biotransformation (e.g. CYP450) and non-enzymatic defence (e.g. 

glutathione) in female flounder. Thus, sex-dependent modulation of NADPH generation 

may be of even more importance than NADPH consumption in xenobiotic toxicity and 

may cause higher susceptibility to carcinogenic xenobiotics and, finally, higher 

frequencies of cancer in female flatfish. 

Model studies on 17-ß-estradiol established the importance of sex-related modulation in 

oxidative stress response. The addition of 17-ß-estradiol caused not only a suppression 

of CYP450 activity and its inducibility by polycyclic aromatic hydrocarbons, but also a 

reduction of the antioxidant defence system based on decreased levels of reduced 

glutathione, a slight retarded induction of DTD and ALDH and significant reduction of 

G6PDH activity. 

The similarity of hepatocellular responses to 17-ß-estradiol and B[a]p suggests a 

regulation by the same receptor, for example the estrogen receptor. This assumption 

would be in accordance with estrogenic and anti-estrogenic effects of many 

anthropogenic compounds on reproductive activity and thus, endrocrine disruption. 
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CHAPTER VU 

Female flounders were more susceptible to estradiols and xenobiotic effects. As the 

estrogen receptor is present in both sexes, sex-specific regulation is assumed based on a 

functional priority of those metabolic processes that support reproductive success in 

livers of females. Yet, xenobiotic-induced activation of the Ah receptor may also play a 

role in sex-related modulation of xenobiotic biotransformation. The fact that 17-ß-

estradiol itself partly inhibits relevant detoxification pathways and may function as a 

tumor promotor by stimulating cell proliferation may additionally explain the 

significantly higher incidences of tumors in livers of mature female flatfish than in livers 

of males. 

In conclusion, the results of this study suggest that gender-specific xenobiotic toxicity in 

terms of damage and stress defence are not only based on the xenobiotic potential to 

form ROS but clearly indicate the importance of xenobiotic- and gender-specific 

biotransformation and modulation of the activity of enzymes involved. Therefore, 

toxicity of a specific compound should account not only for its potential to induce 

prooxidant challenge but also to affect the various pathways of biotransformation and its 

potential to induce cellular damage. 
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